Although the evidence for the benefit of adding temozolomide (TMZ) to radiotherapy (RT) is limited to glioblastoma patients, there is currently a trend toward treating anaplastic astrocytomas (AAs) with combined RT 1 TMZ. The aim of the present study was to describe the patterns of care of patients affected by AA and, particularly, to compare the outcome of patients treated exclusively with RT with those treated with RT 1 TMZ. Data of 295 newly diagnosed AAs treated with postoperative RT + + + + + TMZ in the period from 2002 to 2007 were reviewed. More than 75% of patients underwent a surgical removal. All the patients had postoperative RT; 86.1% of them were treated with 3D-conformal RT (3D-CRT). Sixty-seven percent of the entire group received postoperative chemotherapy with TMZ (n 5 198). One-hundred sixty-six patients received both concomitant and sequential TMZ. Prescription of postoperative TMZ increased in the most recent period (2005 -2007). One-and 4-year survival rates were 70.2% and 28.6%, respectively. No
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Keywords: anaplastic astrocytoma, chemotherapy, radiotherapy, temozolomide, WHO grade III gliomas. 1 More recently, the group created a multicenter computerized database to collect clinical data regarding high-grade gliomas (HGGs) treated in Italy in the most recent years (2002) (2003) (2004) (2005) (2006) (2007) in order to call attention to the changes over the time period in which data on temozolomide (TMZ) became available. We recently published the data concerning patients affected with glioblastoma; 2 the current study focuses on patients with newly diagnosed anaplastic astrocytoma (AA), treated with radiotherapy in 16 Italian centers.
Postoperative radiotherapy (RT) plus TMZ has become the standard of care for glioblastoma since a large phase III trial showed better survival and longer progression-free survival for postoperative radiochemotherapy compared with RT exclusively. 3 On the other hand, the potential benefit of adding TMZ to RT in AA has never been proven because no randomized controlled trial comparing postoperative RT + TMZ versus postoperative RT in WHO grade III gliomas has yet been completed. Nevertheless, many patients with a newly diagnosed AA are currently treated with postoperative TMZ. 4 -6 In the current study, we retrospectively investigated treatment modalities and outcomes in a large number of AA patients, focusing on the use of TMZ in the postoperative setting.
Methods and Materials
Characteristics of the computerized database to ensure the homogeneity of the data collection were previously illustrated. The contribution of each center to the entire data set ranged from 1.3% to 14.5%. The study was approved by the institutional review boards (IRBs) of the participant centers. All enrolled patients signed IRB-approved informed consent forms.
Histopathological reports, operative notes, medical charts regarding RT and chemotherapy, and imaging findings were reviewed.
Only cases with histological specimens analyzed by experienced neuropathologists were included. WHO grade III gliomas with an oligodendroglial component were excluded. Expression of O 6 -methylguanine-DNA methyltransferase (MGMT) was assessed in only a minority of cases, and consequently it was not possible to evaluate its prognostic and predictive significance in this series. Postoperative imaging was reviewed in order to determine the extent of surgical resection. Gross total resection (GTR) was defined as the absence of residual tumor on postoperative imaging, regardless of the surgeon's assessment of the extent of resection. Type of RT (doses and technique) and chemotherapy approach were recorded.
Clinical and treatment-related factors were correlated with the outcome of the patients by univariate analysis. The Kaplan-Meier method was used to estimate overall survival (OS), calculated from the date of surgery until the time of death or last follow-up examination. Survival curves were compared using the log-rank test. The clinical factors analyzed were gender, patient's age, single vs multifocal lesion, presence or absence of presurgical symptoms (cranial hypertension, seizures, or focal symptoms), preoperative and postoperative Karnofsky Performance Status (KPS), Recursive Partitioning Analysis (RPA) class, extent of surgery (biopsy, subtotal removal, gross total removal), postoperative chemotherapy, delay of RT (45 or less days vs more than 45 days), type of RT (3D-conformal [3D-CRT] vs no 3D-CRT), total dose of RT, and schedule of TMZ (concomitant + sequential TMZ vs other schedules of TMZ). All the factors evaluable for the entire group were assessed using the Cox regression model. Differences among different subgroups of patients were calculated using the chi-square test. All statistical analyses were performed using Statistica for Windows.
Results

Patient Characteristics
Clinical data of the 295 analyzed patients are summarized in Table 1 . Age ranged between 18 and 80 years (median, 55 y) with 24 patients younger than 30 years and 33 patients older than 70 years. The female/male ratio was 0.54/1. Almost 95% of patients had a single lesion, with the majority of lesions located in the frontal lobe (n ¼ 74) or in the temporal lobe (n ¼ 51). Only 25 (8.5%) patients had infratentorial lesions. Focal deficits and seizures were the most frequent symptoms at diagnosis (65.7% and 33.2%, respectively). Incidental diagnosis without neurological symptoms occurred in 2 patients involved in a car accident.
In the majority of patients, a CT scan was followed by an MRI scan before surgery (61.0%), whereas exclusive MRI or CT were performed for 16.3% and 22.7%, The most frequent classes were the first one (younger than 50 years and normal mental status) and the fourth one (50 or older years, KPS 70 -100, and symptom onset more than 3 months before surgery).
Treatment Characteristics
Surgery.-Two hundred twenty-five patients out of 295 (76.3%) underwent a surgical removal. Among patients who had a surgically removed lesion, the extent of resection was based on postoperative imaging. In 67 patients, data regarding extent of removal were not available for lack of postoperative CT or MRI scan (n ¼ 51) or difficulties in interpreting postoperative imaging (n ¼ 16). A quarter of the patients (n ¼ 75) had a gross total removal, as shown by postsurgical imaging. Carmustine wafer implants were not used in any patient.
Radiotherapy.-All the patients had postoperative radiation treatment. Most of them were treated with 3D-CRT (86.1%) and with conventional fractionation (90.5%). In 80 cases (27.1%), the treatment plan for CRT was based on coregistered CT and MRI. The median dose for patients treated with conventional fractionation (1.8 -2 Gy per fraction) was 60 Gy (range, 54 -66 Gy), whereas patients who received a hypofractionated treatment (3 Gy per fraction) had a median dose of 39 Gy (range, 30 -45 Gy). The median interval time between surgery and beginning of RT was 47 days (range, 14 -91 days).
Postoperative chemotherapy.-About two-thirds of the entire group received postoperative chemotherapy with TMZ (n ¼ 198, 67.1%), with 166 of 198 patients (83.8% of patients who had postoperative chemotherapy) having concomitant and sequential TMZ according to the standard schedule. 3 A minority of patients had only concomitant (n ¼ 22) or only sequential TMZ (n ¼ 10). No patient received any other chemotherapy agent.
The pretreatment characteristics of patients treated exclusively with RT and patients treated with RT + TMZ were well-balanced between the treatment groups, except for a significant imbalance in terms of postoperative KPS, the use of 3D-CRT, conventional fractionation, and total dose of 60 Gy: all these factors were favorable in the RT + TMZ group. 
Survival
Median OS was 20.6 months, with 210 out of 295 patients dead at the time of analysis. Actuarial survival was 70.2% at 1 year and 28.6% at 4 years. The median follow-up, calculated from the end of RT to the last follow-up or death, was 23.1 months.
Univariate Analysis.-Clinical factors associated with better prognosis were female gender, younger age, seizures as a presenting symptom, absence of focal symptoms at diagnosis, higher preoperative and postoperative KPS, and RPA class ( Table 2) . Treatment-related factors that resulted in better survival were related to surgery and RT. When the extent of surgery was analyzed, (Fig. 1) . Conformal RT was significantly associated with a better prognosis (P ¼ .01; HR ¼ 0.60) (Fig. 2) . Among patients treated with conventional fractionation (n ¼ 178), doses of 60 Gy yielded better results without reaching statistical significance (P ¼ .10). The use of chemotherapy with TMZ was not associated with better survival (P ¼ .59; HR ¼ 0.92) (Fig. 3) . When analyzing OS of the subgroup of patients who received a standard schedule of TMZ (concomitant TMZ + sequential TMZ), the difference versus patients who had only RT was still not significant (P ¼ .53).
Multivariate Analysis.-Five factors maintained their significance when analyzed with multivariate analysis (Table 3 ): younger age (P ¼ .001), epilepsy (P ¼ .04), RPA class (P ¼ .04), surgical removal (P ¼ .001), and 3D-CRT (P ¼ .04). Gender, preoperative and postsurgical KPS, and presence of focal symptoms lost their significance. Chemotherapy with TMZ was confirmed not to be a significant factor. 
Discussion
AA represents less than 5% of adult brain tumors. 4 Only meager data exist that specifically address the optimal management of AA, and the majority of the studies pool together both grade III and IV gliomas (with a strong majority of the patients affected by GBM) or include anaplastic oligodendroglioma or mixed anaplastic oligoastrocytoma. Furthermore, some considerations about the treatment are based on extrapolation from glioblastoma data.
Although no strong evidence justifies the use of postoperative TMZ in patients with newly diagnosed AA, postoperative chemotherapy with TMZ is commonly used for these patients in clinical practice all over the world. 4 -6 Our data, analyzing the period from 2002 to 2007, strongly confirm that RT is usually associated with TMZ (67% in the whole analyzed period, 80.1% in the period from 2005 to 2007).
Chemotherapy and AA: Existing Randomized Studies
There are few randomized trials reporting results specifically regarding patients with AA (Table 4) . Two of them compared RT alone versus RT + chemotherapy (carmustine + dibromodulcitrol 8 and procarbazine + carmustine + vincristine [PCV] 9 ) . No survival benefit due to the addition of chemotherapy was shown.
A recent phase III randomized trial 10 compared RT alone or chemotherapy alone with TMZ or PCV; when patients treated with postoperative RT experienced disease progression, they were randomly assigned to receive either TMZ or PCV; relapsed patients treated with first-line chemotherapy were treated with RT. The primary endpoint was time to progression after both treatment modalities had failed, which did not significantly differ between the treatment arms. Upfront RT yielded a better response rate and longer time to progression than did initial chemotherapy, but the difference did not reach statistical significance. Although the interpretation of the results is complicated by its unusual design, 4 the study showed equivalence between the 2 treatment arms in terms of OS and progression-free survival (PFS).
RT + TMZ and AA: Existing Series
Some phase II trials assessed the efficacy of neoadjuvant TMZ (alone 11, 12 or plus carmustine 13 ) in patients with high-grade gliomas ( Table 5 ). The best results in patients affected by AA were reported by Gilbert et al., 11 with a response rate of 39% and a median survival of 23.5 months. Brada et al. 12 selected patients who had undergone biopsy alone in order to evaluate the objective response without the confounding effects of surgery. The overall response rate (partial response + minimal response) in AA was only 14%. Median survival was 14 months. Brandes et al. 14 retrospectively assessed outcome of postoperative chemotherapy in patients with AA treated with RT, comparing postoperative PCV with sequential TMZ (no concomitant TMZ was prescribed). There was no cohort of patients treated with RT exclusively. There were no significant differences between outcomes in terms of OS and PFS between the 2 different chemotherapy regimens. It should be noted that the subgroup of patients treated with RT + TMZ and analyzed in this series was characterized by favorable prognostic factors (50% of patients were younger than 40 years old; median KPS at diagnosis was 90; only 13% of patients had undergone a biopsy). This should explain the optimal results in terms of survival outcome. Combs et al. 15 published a retrospective analysis of 20 patients treated with RT + TMZ. The schedule used (TMZ at 50 mg/m 2 each day throughout radiation treatment) was based on clinical experience previously reported by the same authors. No sequential TMZ was administered. The outcome of Abbreviations: RT, radiotherapy; BCNU, carmustine; PCV, procarbazine, lomustine, and vincristine; DBD, dibromodulcitol; DFMO, a-difluoromethylornithine; TMZ, temozolomide; HGG, high-grade glioma; AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; AOA, mixed anaplastic oligoastrocytoma; OS, overall survival; PFS, progression-free survival; NS, not significant; na, not available. Abbreviations: OS, overall survival; PFS, progression-free survival; Ph II, phase II study; Retrosp, retrospective study; Neoadj, neoadjuvant; TMZ, temozolomide; RT, radiotherapy; HGG, high-grade glioma; AA, anaplastic astrocytoma; BCNU, carmustine; sTMZ, sequential temozolomide; PCV, procarbazine + lomustine + vincristine; cTMZ, concomitant temozolomide; AOA, mixed anaplastic oligoastrocytoma; NS, not significant; na, not available.
the combined approach was compared with a 1:2 matched-pair analysis of historical controls treated with RT exclusively (n ¼ 40). The addition of such a schedule of concomitant TMZ did not have a significant impact on PFS or OS.
Prognostic Factors
Multivariate analysis showed statistical significance for age, presence of seizures, RPA classes I -III, surgical removal, and use of 3D-CRT. Age was reported to be a significant prognostic factor for HGGs 1, 7 and also in several studies addressing the prognostic factors for only AA. 14,16 -19 The presence of epilepsy has been validated as a prognostic factor in brain tumors, both in low-grade gliomas 20, 21 and in WHO grade III gliomas. 22 The Radiation Therapy Oncology Group RPA has recently been validated in 2 series: Park et al. 23 showed that this classification retained its relative prognostic significance in patients with WHO grade III glioma (AA, n ¼ 56), and Paravati et al. 24 showed that the RPA classes can successfully predict survival of patients with HGG (AA n ¼ 45) treated with intensity-modulated RT and postoperative TMZ. Extent of resection is among the major determinants of survival of patients with HGG. 1, 7, 14, 25, 26 The use of 3D-CRT showed a significant prognostic value also in our previous study including GBM, 2 although it should be noted that the prognostic significance of 3D-CRT could be due to a selection bias, since it is likely that patients amenable to CRT had focal tumor and smaller lesions without an extensive infiltrative component. This is a retrospective review and, as such, is subject to all the usual limitations. As in other studies addressing AA, 8, 15, 24 histological diagnosis was confirmed by only local neuropathologists; the lack of a pathological review is the most critical limitation of this study. Central pathological review of grade III tumors remains crucial, considering that disagreement in pathological diagnosis for WHO grade III gliomas is not uncommon. 16 The high average age of the current series (55 y) could be an indirect sign of this possible inaccuracy since it could suggest that some cases had an undergraded WHO grade IV glioma. This study may also criticized for other pitfalls. First, the lack of biological markers is a consistent drawback of our survey, considering the predictive and prognostic importance of such data. 19 Data regarding the genetic profile of the tumor might help in predicting chemosensitivity, allowing better tailoring of treatment strategies. Thus, it could be hypothesized that we would be able to understand which patients could benefit by the addition of TMZ. The best-known pathway involved in resistance to TMZ relies on MGMT, a DNA repair protein that inhibits the cross-linking of double-stranded DNA due to TMZ. The methylation of the MGMT promoter results in lack of MGMT expression and, therefore, in a greater cytotoxicity following treatment with TMZ. This finding was confirmed by Hegi et al 27 in patients enrolled in the EORTC/NCIC phase III trial, which demonstrated a survival benefit associated with TMZ among glioblastoma patients with a methylated MGMT promoter region. It should be noted that some authors pointed out that MGMT promoter methylation status alone does not suffice to provide information about the sensitivity of grade III gliomas to alkylating agents, 28, 29 as MGMT protein expression is also regulated by other independent pathways, such as MGMT mRNA expression. 30 Furthermore, the lower expression of the MGMT protein observed in grade III gliomas compared with WHO grades II and IV gliomas 31 suggests that other relevant molecular factors in tumor chemosensitivity should be assessed-for example, a role of DNA mismatching repair gene alterations in the resistance to TMZ could also be advocated. 32 The absence of data on genetic features and especially on MGMT makes it difficult to know whether the treatment groups were well-balanced. Second, we did not record any data regarding supportive care. This is an important point for the risk of significant interactions between antiepileptic drugs and TMZ; 33, 34 furthermore, the use of steroids concomitantly with radiation and TMZ may result in severe reductions in CD4 count that could have a negative impact on prognosis. 35 Nevertheless, examining 295 biopsy-proven pure AA patients, the present series differs from the majority of other AA studies that also included GBM 9, 11, 12 or mixed gliomas with an oligodendroglial component 10, 13, 15 and gives a comprehensive analysis of the current management of this disease. To our knowledge, this is the largest series regarding the use of TMZ + RT in AA, and it is the only existing study reporting the outcome of both concomitant and sequential TMZ in the postoperative be setting, including a control group with patients treated with RT alone.
Based on the results of the few existing studies to date regarding the use of TMZ, as well as on the results of the current study, we can draw the conclusion that although RT + TMZ improves overall survival in patients with GBM, this therapeutic strategy does not significantly improve outcome in AAs. Only the findings of the prematurely closed Radiation Therapy Oncology Group 9813 trial and the results of the ongoing EORTC-26053 trial addressing the potential benefit of concomitant and/or sequential TMZ in AA will either support or refute these results.
